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INTRODUCTION 


Suppression  of  liquid  propelUnt  sloshing  in  rocket  tanks 
has  largely  been  accomplished  by  means  of  various  arrangements 
of  fixed  baffles  and  "floating  can"  type  devices  (!)•  *  Another 
interesting  type  of  suppression  device  is  that  of  a  "lid"  which 
essentially  constrains  the  liquid  surface  to  remain  plane  and 
normal  to  the  longitudinal  axis  of  the  tank;  such  a  device  must# 
of  course,  move  with  the  liquid  as  the  tank  drains  so  as  to  remain 
always  just  in  contact  with  the  liquid  free  surface. 

The  purpose  of  the  investigation  reported  here  was  to 
oht.iin  data  on  the  effectiveness  of  such  floating  lid  devices  in 

.stif!  trr-iHiiig  liquid  slushing  in  rigid  cylindrical  tanks  having  a 

* 

conir.il  h«>ttoin.  The  test  facilities  and  procedures  employed 
wt*ri<  l•sst•lltl.llly  those  described  in  our  earlier  publication  (1). 

The  IoIh  themselves  were  fabricated  from  solid  plates  rigidly 
sii,  ,•••!  i«  (t  itii  three  dynamometer  armSi  in  order  to  obtain  data 
on  i!ii  liquid  forces  acting  directly  on  the  lids#  and  had  diameters 
of  approximately  99.  89.  and  67%  of  the  tank  diameter  (Figure  !)■ 


Numbers  in  parenthesis  refer  to  the  References  given  at  the 
enrl  of  the  paper. 
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Th«  support  system  was  clamped  to  the  tank  so  that  the  lids 

barely  touched  the  surface  of  the  undisturhi'd  liquid  which,  in 

these  tests,  were  water,  methylene  bromid<».  and  methylene 

* 

chloride.  Each  ltd  “liquid  combination  was  tested  at  various 
excitation  amplitudes  and  frequencies. 

EXPERIMENTAL  RESULTS 

Measured  data  for  the  total  force  response  resultmft 
from  translational  excitation  of  amplitude  with  the  three 

different  lids  is  given  in  Figures  2  •  17.  The  data  is  presented 
in  terms  of  dimensionless  force  amplitude  and  phase  angle  ^ 
as  a  function  of  the  dimensionless  frequency  parameter 
where  d  is  the  tank  diameter,  h  is  the  liquid  depth,  and  A  is 
the  axial  acceleration,  as  employed  previously  (1).  Data  fur  the 
lid  having  a  diameter  977*  of  that  of  the  tank  is  given  in  Figures 
2  •  7  and  shows  that  almost  infinite  damping  of  the  total  force 
response  is  provided  at  all  liquid  depths,  there  being  virtually 
no  peaking  of  the  force  curve.  Such  a  line.ir  variation  of  force 
response  with  the  square  of  the  frequency  corresponds  precisely, 
of  course,  with  the  results  of  theoretical  predictions  fur  a  liquid 
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with  thr  Ircf  lurface  constrained  to  remain  plane  and  normal  to 
the  looKitodinal  axis  of  the  tank.  The  8S%  lid  (Figures  8  •  13) 
appears  tu  intri>rluf  c  damping  with  a  magnitude  approximately 
equivalent  tit  that  provided  by  the  conical  ring  fixed  baffle  type 
of  supp<*eh!fturs  (11.  althoueh  actual  damping  coefficients  hav^ 
not  been  i  .il<  ulated  The  pe.ik  magnitude  is  seen  to  vary  with 
both  liquid  visixsity  and  excitation  amplitude  as  the  liquid 
first  inode  rrionant  frequency  is  increased  from 
with  no  ltd  to  '^5,0  with  lid.  The  67%  lid  introduces 

very  little  damping,  as  evidenced  by  the  magnitude  of  the  peak 
luriex  (Figure.H  14  •  17)  The  liquid  first  mode  resonant 
freipieiuy  ho^\e^■er.  appears  to  be  slightly  increased  over  that 
with  no  lid. 

The  orientation  of  the  dynamometers  attached  to  the 
lids  lor  the  purpose  of  vibtaining  data  on  the  liquid  forces  acting 
on  the  lid  is  shovin  in  Figure  18.  One  more  or  less  represents* 
tivc  plot  of  the  forces  on  the  lid  is  shown  in  Figure  19.  Most  of 
the  lid  dynamometer  data  ic  somewhat  questionable  because  of 
instrumentation  difficulties  ani  therefore  this  data  is  presented 
only  to  show  orders  of  magnitude  and  frequency  response  trends. 
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Total  force  response  data  from  similar  tests  >\ith  the 
excitation  provided  by  pitching*  about  the  liquid  c«  g.  is  shown 
in  Figures  20  •  33-  Data  for  the  997*  lid  is  given  in  Figures 
20  •  24.  and  sh;>ws  similar  trends  to  that  for  the  tests  with  trans¬ 
lational  excitation.  The  theoretical  curvi  s  shown  in  some  of 
these  figures  correspond  to  an  ideal  liquid  with  no  siippressiun 
device  (I),  as  a  matter  of  general  interest  Tne  0S7«  lid  data 
(Figures  23  -  29)  and  the  67%  lid  data  (Figures  30  •  33)  also 
show  trends  very  similar  to  that  for  the  tests  with  translational 
excitation. 


CONCLUSIONS 

The  results  of  these  tests  would  seem  to  lead  to  the 
following  general  conclusions: 

1.  Floating  lid  type  devices  having  a 

diameter  of  8S7s.  or  more,  of  the  tank  diameter  are  quite 
effective  in  providing  increased  damping  of  the  peak  total  force 
response.  A  67%  lid  provides  almost  no  damping  at  all 


Other  studies  of  sloshing  characteristics  in  rigid  cylindrical 
tanks  undergoing  pitching  motions  are  given  in  (2)  and  (3) 
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c  The  peak  force  responses  with  the  8S%  lid 

derreasic  with  me rcaainf;  excitation  amplitude,  but  increase 
slightly  with  increasing  equivalent  Reynolds'  number  of  the 
test  liquid  This  is  accompanied  by  a  pronounced  increase 
in  the  liquid  first  mode  resonant  frequency. 

3-  The  forces  acting  directly  on  the  lids  appear 

to  be  rather  large  so  that  such  devices  may  well  prove  to 
involve*  fignificant  weight  penalties  for  the  damping  provided. 
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Figure  11 


Figure  IS. 


Figure  17. 
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LID  DYNAMOMETER  ORIENTATION 
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FORCE  ACTING  URWARO  ON  DYNAMOMETERS 
IS  ASSUMED  ROSITIVE. 


Figure  18. 


Figure  21. 


FORCE  RESPONSE  WITH  99%  LIO 


Figure  ZS. 
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Figure 
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Figure  3) 


